Abstract. Smears from the genital epithelium of five dogs with mammary carcinoma contained cells that morphologically resembled those in tissue sections of the primary lesion. During postmortem examination of three of these animals cells exfoliated from selected sites were examined to identify the probable area of desquamation of tumor cells. Histologic sections of the grossly normal vestibules contained submucosal micrometastatic foci of tumor.
Reports on canine vaginal cells have been primarily on their response as a target for ovarian hormones [1, 7-9, 11, 13, 17-20,22] . In humans, hormonal vaginal cytology has many clinical applications; cytology concerned with genital cancer in women, the 'Pap' smear, is used extensively. Genital carcinoma is rare in the dog [2] [3] [4] ; only one report could be found on the observation of carcinoma cells in canine vaginal smears [17] .
Vaginal smears from five dogs with mammary carcinoma contained cells morphologically compatible with cells from a carcinoma. Permission for necropsy on the first animal was not granted. At necropsy of the second animal no gross lesion was seen in the mucosa of the vagina and vestibule, and sections of randomly selected genital tissue contained no evidence of metastatic tumor. In the last three cases exfoliative cytology was helpful to indicate areas of the genital system to be examined. These areas appeared normal at necropsy but were sectioned histologically and found to contain micro metastases. The cytologic presentation of the genital smears in these three cases and the usefulness of cytology during necropsy for isolation of the micro-lesions are discussed. 
Materials and Methods
Two of the dogs were 10 years old, one was 13 years old. One had been spayed at a date not included in the history, and one had been spayed after her second heat period. The remaining dog was intact. One had whelped once but the other two had never been bred. Clinical signs included radiographic evidence of lung metastasis in one dog, enlarged inguinal nodes in all three, and ascites in one. There were two to four mammary masses in each animal. In all cases cancer was present in the most caudal mammae. Table I outlines clinical data of these animals.
All clinical vaginal smears were collected with a saline-dampened cotton swab inserted without a speculum until it touched the cervix. As the swab was withdrawn it was rotated around the mucosa of the vagina and vestibule. The collected cells were transferred onto clean prelabeled slides by rolling the swab with pressure over the glass. The slides were immersed immediately into 95% ethanol. A minimum of 30 min was allowed for cell fixation before staining by a modification of Sane's method for Pollak's trichrome [16] . The entire slide was examined using a lOx objective and 15 x eyepieces. Areas of interest were examined with a 40 x or 63 x objective.
During necropsy the genital system was removed in 1010. The genital mucosa was exposed by a dorsal midline longitudinal incision extending from the labia through the cervix or cervical stump. In the intact animal the incision extended through the uterine body and horns. Separate dampened swabs were used to collect cells from the vagina, vestibule, uterine body and horns and region of the endocervix. The cells were transferred to slides premarked with the site of cell collection. Cells were fixed, stained and examined by the procedure previously indicated.
The genital tissue was pinned flatly to cardboard to prevent curling and fixed in a shallow, long container filled with 10% buffered formalin. The tissue was trimmed after examination of the cytology specimens. Each area was represented by at least two pieces for sectioning. Four pieces were taken from areas known from the smears to have tumor cells.
Additional tissue taken for histologic examination included inguinal and internal iliac lymph nodes, lung, kidneys, urinary bladder, urethra, liver, brain, adrenals and spleen. All tissues were stained with hematoxylin and eosin. 
Results
Tumor cells were pre sen t in clinical specimens from all th ree dogs, but not all slides fro m a single collection co ntai ned t hese cells. Th e cell pa tte rn from all dogs was similar in th at the tum or cells were not num erou s and were usually in clu sters ( fig. 1-3) . Th e features of indi vidu al tumor cells varied in each case as did th e cell morph ology in t he sectio ns of tumor s. M alignant cell features seen in all cases included enlarged nu clei, pr ominent nucl eoli a nd hea vy nuclear borders. O rigin from a metastatic focus was suggested by spa rsity of tum or cells a nd only mod erat e cha nges in genita l epit helial cells. T he tumor cells a ppe a red as nests of cells conspicuously differen t fro m th ose ass ocia ted with genital ep ithe lium. In on e dog (cas e 2) there were man y ne utrop hilic leu kocytes in additio n to t he car cino ma cells. A few ery throcytes were seen in t he smea rs of the dogs in ca ses I a nd 2. ., .. .,- In all three animals tumor cells were present in the smears made from the vestibule during necropsy. Two clusters of tumor cells were also seen in one vaginal smear from the dog in case 3. The number of smears made in each case and the number that contained tumor cells are shown in table II.
Sections of the vestibule from all three dogs contained metastatic cancer. In cases I and 2 the tumor cells appeared within submucosal lymphatics ( fig. 4, 5) and were not seen in other histologic preparations of the genital system. In case 3 there were many metastatic foci in the vestibule and the tumor cells penetrated the vessel walls ( fig. 6 ). In this case tumor cells also were present in vessels between the muscle and serosa of the urethra, urinary bladder ( fig. 7 ) and vagina. Tumor cells were identified in the inguinal lymph nodes of all dogs.
Discussion
Diagnosis of cancer by exfoliative cytology is possible only if recognizable tumor cells spontaneously desquamate or can be mechanically separated from the malignant lesion. The cytologic technique has often been successful in detecting primary carcinomas in man when the neoplasm involves tubular systems communicating with body openings. Such areas may be readily accessible for collection of samples. When cancer originates in the tubular lining epithelium, exfoliated carcinoma cells fall into the lumen. In addition, alterations in tumor cell junctions, as indicated by electron microscopic studies of human uterine cervical cancer [15] , suggest these cells may desquamate more readily than normal ones. Metastatic tumors, on the other hand, may go undetected by cytologic method if they remain buried within tissue and are inaccessible.
There are reports of extrauterine cancer cells in vaginal smears of women [5, 6, 10, 12, 14, 21] . These include cells from ovarian carcinoma, carcinoma of the urinary bladder, rectal carcinoma, and mammary carcinoma. Hypotheses on the possible origin of metastatic cancer cells in vaginal smears include: (I) release from primary site and travel through communicating tubular systems to site of specimen collection (ovary and urinary bladder cancers); (2) penetration by tumor cells within the abdominal cavity into the genital system and travel through the tubular system to collection site; (3) blood or lymphatic metastasis to the vaginal region followed by invasive growth until the tumor penetrates the epithelium. The latter appears the most likely mechanism for mammary tumor cells in the vaginal smears in three reported cases. In all cases the inguinal mammary gland and regional lymph nodes contained malignant cells. The location of the primary cancer rather than its histologic classification appears to be important in the metastasis to the genital system. Metastasis to the vestibule and cancer cells in vaginal smears from an animal with liposarcoma arising in the region of the inguinal mammary gland has been reported [17] .
A recent study of vaginal cytology of dogs with mammary tumor did not report cancer cells in any of the 19 animals with malignant mammary tumors [8] . This may indicate metastasis to the genital system does not usually occur; however, the method of cell collection probably influenced the adequacy of the specimen for the correlation desired in this study. The previous report was concerned with hormonal cytology, and cells from the anterior vagina were aspirated with a pipette. This technique is appropriate for hormonal cytology since it reduces contamination with cells from the vestibule which does not undergo as profound changes caused by fluctuating amounts of ovarian hormones as does the vagina. To demonstrate metastasis to the vestibule neither the vaginal pipette technique nor a speculum, which also reduces the collection of cells from the vestibule, should be used.
The clinical value of smears of the genital epithelium for diagnosis of mammary carcinoma is uncertain. Further studies are required to determine important aspects such as the frequency of mammary metastasis to the genital area and the possible relationship between stage of clinical development of the tumor at the time of genital metastasis and the influence of different techniques of cell collection.
